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Summary
The diffusive reflectance and spectroscopic microendoscopy (DRSME) is a
multimodal imaging system that harnesses its usefulness from different light sources. One
of the modalities, diffuse reflectance spectroscopy (DRS), has been used in our lab to
investigate optical properties of epithelial tissues using a broadband white light as the
main source. Calibration of DRS is required as it can obtain the maximum intensity and
convert it to absolute reflectance. Current manual-adjusted calibration can be lengthy and
often lead to inconsistent results. Therefore, a new method of calibration is introduced
where additive manufacturing (or 3D printing) technology is fully utilized.
The instrumentation of DRS include a tungsten-halogen white light lamp, an optical
fiber/probe, motorized switch, and a spectrometer. The probe consists of one optical fiber
that is used to deliver the light and two adjacent optical fibers that are used for signal
detection. These source detector separations (SDS) are located 374 and 730 microns
away from the primary fiber. Based on the diffuse reflectance spectroscopy, photon that
propagate deeper into the tissue will reflect further out from the origin point; and closer,
for photon that cannot propagate as deep. The SDS will be able to detect the reflected
signals accordingly. Therefore, during calibration, the probe’s tip must be 2.1 mm and 3.9
mm away from the reflectance standard’s surface for the 374 and 730 SDS, respectively.
The design of the 3D printed part is especially accommodated for our customdesign probe. The part was printed by the ObJet30 using a UV-crosslinked acrylics
material. It was designed to allow for calibration of both 374 and 730 SDS, indicated by
marks on the device.
An experiment was carried out to validate the performance of the 3D printed part
by performing calibration using both methods: manual adjustment and with 3D printed
device. A 20% reflectance standard was used at an integration time of 300 ms. The
maxima of each spectrum and percent errors were presented. The percent errors of the
device were recorded at 12.3% and 3.1% for 374 and 730 SDS, respectively. Both percent
errors are consistently accounted for since intensity scales linearly with the integration
time. Furthermore, the usage of this device has reduced the acquisition time which is a
major step towards clinical translation.
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Introduction

Three-dimensional printing, or additive manufacturing, technologies have influence many
aspects in biomedical engineering field including custom fabrication of prostheses and
tissue engineering scaffolds [1,2]. For dental science, the 3D printing techniques are
becoming a familiarity to some orthodontists [3]. In our lab, the potential of 3D printing is
being explored by collaborating the 3D printed product with the laboratory’s optical and
microscopic instrumentations.
The diffusive reflectance and spectroscopic microendoscopy (DRSME) is a device that is
capable of performing qualitative and quantitative analysis of epithelial tissue. To achieve
this, the imaging system utilizes three modalities from different light sources including: a
broadband white light, a 455 nm LED, and a 635 nm laser. The diffuse reflectance
spectroscopy (DRS) is one of the modalities that has been used in many studies in the
past [4]. This modality can be used to determine the intrinsic optical properties (absorption
coefficient and reduced scattering coefficients) measured from the steady-state diffuse
reflectance of the epithelial [5].
Prior to every experiment, calibration is required to convert intensity to reflectance. The
current method requires a manual adjustment of the transition stage which is time
consuming and often inconsistent. A new method, involving 3D printing an object, is
presented to standardize the calibration technique. This 3D printed part is required to
accommodate the probe and the reflectance standard. The main objective of the device
is to standardize calibration technique by 1) greatly reducing the acquisition time prior to
each experiment and 2) reporting consistent intensity for all experiment. The design and
production of this device is a good step in translating the DRSME imaging system towards
clinical settings.
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Materials and Methods
Instrumentations
To image the sample, a Diffuse Reflectance and Spectroscopic Microendoscope
(DRSME) is used which include an LED (Luxeon), tungsten-halogen white light source
(Ocean Optics), and a 635 nm Laser (Thorlabs) as its main light sources [6]. A customdesigned fiber-optic bundle is used together with the DRSME system (schematic is
illustrated in Figure 1) to deliver the light source to illuminate the sample.

a)

b)

Figure 1: (a) The DRSME instrumentation includes the motor switch, white light lamp, 455nm
LED light source, and 635nm laser. These light sources are coupled with probe (b) through the
optical fibers. The distal probe consists of a central 1-mm optical fiber and five off-axis 200 µm
optical fibers. The eccentric optical fibers can act as a light source delivery and a signal receiver.

The DRSME uses multimodal, high resolution microendoscopy technique to obtain
qualitative and quantitative data from the sample by using each of the aforementioned
light sources. The first modality (high-resolution, image fiber-based fluorescence imaging)
is achieved by directing the 455 nm LED through a 460 nm short-pass filter, reflected on
a 475 nm dichroic mirror, and subsequently through a 10x/0.30 NA objective lens. The
light travels through a 1 mm-diameter fiber optic to illuminate and excite the contrast
agents in the sample. The emission signal is received and travel back through the probe
where it passes through series of filters and onto the first Flea3 USB 3.0 monochrome
CMOS camera. The signal is processed and an image is projected onto a monitor screen.
Morphological images of a cell can be obtained using this modality.
4

The second modality, broadband diffuse reflectance spectroscopy (broadband DRS),
utilizes a broadband light from a tungsten-halogen lamp delivered through an off center
200 µm optical fiber. The optic probe is connected to a motorized optical switch which is
controlled by a LabVIEW program. Once the light reaches the distal end of the probe, it
undergoes a sub-diffuse mechanism where light travels in and reflect out from the sample
at certain depth. The sub-diffuse reflected signal is obtained by the adjacent 200 µm
optical fibers where it travels to the source detector separation (374 µm and 730 µm) and
to the motor switch [7]. The light travels to the spectrometer and the signal is then pass
into the computer. Prior to operating the DRSME, a calibration is needed for the
broadband light modality. A 20% reflectance standard (Ocean Optics, USA) is used for
the calibrating process.

Figure 2: (a) tungsten halogen lamp,
(b) 3 mm-diameter probe with optical
fibers, (c) motorized switch, (d) 14-bit
spectrometer

The third modality, sub-diffuse reflectance intensity mapping (sDRIM), delivers the 635
nm laser through the eccentric 200 µm optical fibers to the sample. The central 1 mm
optical fiber obtained the emitted signal from the sample. The light subsequently passed
through a 475 nm and 590 nm dichroic mirror, then reflected off a 1-inch aluminum mirror.
Finally, the light pass through a 610 nm long pass emission filter, a 50 mm tube lens, and
into the second Flea3 USB 3.0 monochrome CMOS camera. The two cameras work
simultaneously to image high resolution fluorescence of stained tissues and to map the
diffuse reflectance of the same tissue area from the 635 nm laser.
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Sub-Diffuse Reflectance Mechanism
Once light reaches the distal end of the probe, the photon enters the sample and undergo
the sub-diffuse reflectance phenomenon. Photon can be absorbed and scattered by
molecules within the sample in a random path. Eventually, the photon will reflect out of
the sample. The reflected signal can be obtained using the adjacent optical fibers of the
probe (374 µm and 730 µm SDS). The deeper the photon propagates, the further away
the reflect light exits from the sample. Therefore, the 730 µm SDS can detect these
signals since the optical fiber locates far from the source fiber. Inversely, the 374 µm SDS
can only detect reflected signal that propagate at a shorter depth. An illustration of the
mechanism is displayed in Figure 3.

Figure 3: Once light reaches the distal end of the probe,
photon particles scatter and absorb through the medium and
eventually reflect back out into adjacent detectors. The 730
µm source detector allows for sampling at a greater depth
(~300-680 µm) when compared to the 374 µm detector
(~240-530 µm)

Calibration of DRS
Calibration of DRS is suggested prior to performing a measurement in order to obtain the
maximum amplitude/intensity. The standard intensity can then be transformed into an
absolute reflectance using the following equation [8]:

The spectra can be converted into reflectance using the above variables. Sample intensity
can be obtained while measuring a sample. Standard intensity is obtained while
performing calibration. Background intensity is obtained by sources arise from noise. This
equation is a function of wavelength; therefore, the output is continuous. To calibrate, the
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broadband light is delivered onto the surface of the reflectance standard at a certain
height, depending on the SDS position. The probe tip must be 2.1 mm and 3.9 mm above
the standard for the 374 µm and 730 µm SDS position, respectively (Figure 4). A custom
LabVIEW program is used during the calibration to monitor the reflected signal (in
amplitude) from the standard with an integration time of 300 milliseconds and boxcar
width of 3 units.

Figure 4: a) New suggested calibration method
which include 3D printing a device that allow the

a)

probe’s tip to hover over the standard’s surface at a
certain height. b) The tradition calibration technique
which require a manual adjustment of the knob. c)
schematic shows that the heights are different for 374

b)

c)

and 730 SDS

Device Design and Rapid Prototyping
To make the calibration easier, a custom-designed reflectance standard is suggested.
The 3D printed part was drawn using a SolidWorks software. The device was built to
accommodate our probe. The probe cavities are designed so that it remains secure and
allows 100% light propagation. The standard cavity is designed to accommodate various
standard sizes. Furthermore, the height of the device is optimized to allow the probe to
remained flush during usage. The device can be attached to an optical breadboard for
stability.
The Objet30 printer uses a UV-crosslinked acrylic material for 3D printing. The duration
of 3D printing process was approximately 6 hours. An addition 30 minutes were dedicated
for power-washing in order to eliminate the excess material. The entirety of the process
including design, drawing, and 3D printing was conveniently performed on the campus of
University of Arkansas. Schematic and concepts of the standard holder is illustrated in
Figure 6.
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a)

b)

Figure 6: (a) Top view of the standard
holder is displayed. Two marks are shown
to differentiate between the 374 µm and 730
µm position. (b) An isometric view of the
device is shown. (c) An split isometric view

c)

of the device is shown. The probe cavities

d)

show the part that prevent the probe from
going through. c) The front view of the
device is shown. The cavity in the front is
dedicated for the standard placement.

Performing the measurements
To validate the performance of the reflectance standard holder, the device is being tested
against traditional calibration technique, or manual adjustment. The first measurement
method (a) was performed using the device. The second measurement method (b)
requires a manual adjustment of the transition stage by rotating the knob. Each rotation
of the knob equates 500 microns. Both measurements were performed using the DRS
modality of the same light source through 374 µm and 730 µm SDS. Using the 20%
reflectance standard (Ocean Optics), an integration time of 300 milliseconds was selected
to allow for maximal intensity output while preventing the signal from saturating [9]. The
amplitude from a range of 400 nm – 1000 nm
wavelength of each method are obtained
from the imaging systems as an excel file.
After, these quantitative results from both
measurements

are

recorded

to

obtain

standard percent errors to be used in all
measurements. The schematic of both
experimental procedures is shown in Figure
7.

Figure 7: (a) Measurement using the device.
Probe remains flush within the chambers (b)
Measurement with a manual adjustment of the
transitional stage.

8

Results
Reflectance Standard Holder

a)

b
)

c)

d
)

e
)

f)

The device is able to accommodate the probe in our lab. In addition, the device can be
used in a benchtop setting. a) The device is being 3D printed using the Objet30
machine. b) the device is being placed on a benchtop in our lab. The device is stabilized
as it is screwed into the board. c) The probe being rested in the 374 SDS. d) the image
shows that the probe remains hover at certain height when used. This ensures the
required calibration height for the standard. e) The probe being rested in the 730 SDS.
f) The top view of the device reveals two channels for 374 and 730 SDS for I and II,
respectively.
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Spectral Data Comparison Between Two Methods.

The maxima of both spectra from each plot are compared. For both cases, the maximum
amplitudes of the device were lower than that of the manual adjustment. Ideally, a perfect
alignment of the two spectral would be observed which indicate that a maximum signal
can be obtained using the 3D printed part. The percent differences are 12.5% and 3.1%
for the 374 µm and 730 µm SDS, respectively. Percent errors are consistently accounted
for since intensity scales linearly with integration time.
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Discussion and Future Work

In this study, the performance of a 3D device was validated by comparing it to the
traditional method of calibration. The percent errors are present in this experiment. These
errors may arise from the limited spatial resolution of the Objet30 machine which is around
0.1 mm [10]. Furthermore, some of the acrylics material may fall off during the power
washing which can result in a wrong height. These errors can be avoided by utilizing a
different machine and materials for 3D printing. The percent difference between the two
spectra can be accounted consistently throughout all DRS measurements.
In addition, the current design of the reflectance standard holder was designed to be
versatile in either a benchtop or clinical setting. This device has decreased the acquisition
of calibration measurements 10-fold, which provides a major step towards clinical
translation. Potential re-design would focus on reducing material while completely
enclosing the reflectance standard to reduce effects from ambient light, increasing the
base area so the device can remain rested in various surfaces, using different material to
strengthen the overall device structure, and optimizing the device so it can accommodate
various probe and reflectance standard sizes.
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